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m m m 

( i) m.&2 3 5 nmUT. mzm&2 1 0 nm;^^e> 2 2 0 nm, m 

^^fcsiTSo ^^m\t. (ii) mui^mm.-fKis^^i\:.^^mmm^ti^^ 
■ts.^mwmytm'^^m.miyrc. mw-v—mzmT^. •^iE>\z^r^. (in) 

iL/vfc. mm^mi^^ytmm^zmt^o $ e>icpb< mm^ytmmm^m^^. 
m^m\z^^mm^ytmi^mytmm\zm'r^o s tcwb < ^Mts^Tfesa 
®^©>?>^. m^m^ikmir^y^^'E>\^mmz^^mm^^x-^^. 

z^2o onm'^(D^^^m^m=^hLxy-c^'^y\^. iL:^^mt^'ym m 
T. cBNiiiB^T^) ts:^mzm\:T)v^=:-^2^-fymm^i\^xmif?in. mm 

uEf)mmjiMmtiyxm^f^n^o ±mi^rc&.mzmytmm^2 0 0 nm^® 

^tf^iia::d^T#§:0^\ z.tnz^\,^x\tmm^mn^mt)^^-orc. hsNmt^ 
m iz^mmmm i: bx^r < s mm ^ n> ^'fb^jKi^* y >^-t ^ (Dm.m 

x^ijffi^nxv^^o 

hTb^vuf)^&.mmhrcm.nKm\z^'ox%Bn^hBN\t.^mm\zmmv. 

1 



wo 2005/049898 



PCT/JP2004/017434 



n>E>(DKj^^iz^-oxmmm<Dm^^^'^^ :it\tmmx^ o . w\z^mw-m\zm 

\zT)vts u ^mh^\^iy)vti u ±m^m.(Dii^'^mtm^^miivx'^m m 
mPr^mm^x^. ^j^m.^. leoo'c, 'mmm)±r^xnm^i\:-r^z.}i\z^ 

•rx\zjimmzmtL-^nx\^^. 

;l•5bT^^!fe•r^cBNfeJ^:vv^*>H:^^y7' (Eg : 6. 3ev) ^w-rs 

TzL^. ■^<^-^^mw(Dmm.&m^m=f-t\^x(Dmn^m^iE>nx^r^o v-b^vfx. 

^^^mzm^r^r^X^^^IS^iS^-Dtz.o ^©MHi:bT«. c BNlg^i^gRfc^^n 
T^t, cBN@#<D^^#tt:g:+^>fCfflgbT:fe<i^^M;&«&§^ttt^^, C 

^<DJ:-5;^*^<7)TfC. cBN'&fig^^^. h BN^^t^^fc-^^f^?^ 

mt}m'¥\ZW.^V. hBN^^^O-^^ife^&^^fctODfg^^^/t^nTVi^ (^^ 

j|#fF:s:fKi)o b^^b;^>&«e»> ^(Dm.^\z3Qn:b^^mm.xm^'^ttmmmmfi^^\-i, 

Z.mz^'oX. c BNM^@:t©^^6^#'!4^Wf ^iSMMc BN^^ 

^©-^f^fc^iStib^ c:n^#^&:S:M{c:^Sbfc(##fF5:i^ 2)o ;ioD^ftK;^s«. 
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#^#ff:5:Ml ; H. Ak am a ru, A. Onodera. T. En 
do, O. Mishima, J. Phys. Chem. Sol ids, 63, 
8 8 7 (2 0 0 2). 

#!NFfF:S:i^2 ; T. Taniguchi, S. Yamaoka, J. 
Cryst. Growth, 2 2 2, 5 4 9 (2 0 0 1). 

b J: ^llMJi. ^^(D h B NO'^^^iSfeTJ*;'^ b#/^55^ ^ i^iSM^ h B 
N^^^B^^^b, iin{^J;oT. hENS^O^-fS^^EI^bfcMmiS^S^ 
>l&-r^f^^^*i«bJ;>5i:Vi-5feOTa5 0, MIH#W;^^7t#'l4^:t 

^\^^\tmmxMmtsi^mi^mm\z^^tji\^\ mmx\ isaxh. i^^^;^ 
'^mm.ii\.xm\^^rz.m.m9vmw-^%mi'^^m \^tz.mw-%%mm:^m.m\^^o2i 

^<Ofe862fs:^BJ#e>(c::i3ViT«. HtifB#i|#fP^i^ 2 tC^SV^TlSB^byS:, hBN 
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urns 3Kt:i*3ViT«^gtS2 1 0 nmyO^e, 2 3 5 nm{C^»t|g?|iJ $nfc„ 

yt^iii^mmz.i:n\t. o s nmi: 2 1 s nm^zytm^^-rmx^^ h 
-r/5:t)-fe. MkE^m (##fF:$:i^i. 2) tciBm^tiTt^ff^^i?^ 

fdMcOl^mmc BN¥Ma^#^'&^^#&. hBN*j^S©^^^#fc^^b 

mmh\mM.mm-c. ^m. m^mu^^^ytmi^mytmm^^mizmmv. 
m^T^z.nzm^j3iyrco 

u±izt^m.vrz~m(D^^t^mzm^\^^xfs:-^nr^h(D'vi^r)^ ^ 
(D-mm\t. SKT (1) (15) {csBm^jiOT^bs, -e-^ff^ (d (?) 

^m^fc-p^^-po^B^^. mim(Dmmhu^o (s) ~ o) ©Mism 

f ^®#l/-1fJ:::^^:^)^^^BJ^. m 2S^cd^0J tv^^e ^^iz. (1 0) ~ (1 5) 
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( 2 ) mt^mm^^-^^. 2 10 nm:d^ e)220nm. ^b<H215nm 
(4) tiftBjg^i^V^;^)^, ^SS2 1 0 nm55^?> 2 2 0 nm, ^b<«2 15nm 

^'fbw^e.M«^$n^ii<h^#MiT§, (3) (4) fcfa«©3t^^^^^ 

(6) «^i^Mi*{c:ckoT®®$n, ^^S2 3 5 nmi^T <Dmm^mm\zm± 

( 7 ) StrfB^^^^:^>^\ 2 10 nm;6^ e> 2 2 0 nm. mv< 2 1 5 nm 
(9) M^Slf iSS210nm;5^C>220nm. 
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(1 0) ^■&2 3 5 nm&.T(Dmmn-mmzmnmyt\d~'^f}mr^mmnt^ 
oT^^j»75?ajE$n, mmi^yt^^±-r^^o\zvr:L:Lt^<^mt'r^. mm 

(11) MtBi®m3^5&^\ 2 10 nui-^^ e.220nm. ^b<«215n 

mi;i^^k°-i^^wt-^3sm^Tfe^. (10) \zmm(Dmm^mi^mytmwio 

(12) mm^^mmm^m^ m^mMna^mz^^mi^^^x^^. do) 
\zmm(Dmmi^^i^mytmm. 

^^ytmm'm\zm.K>m-fiE>nr:i7y-}^mmt. mytm\zmmy^^~i)—^if\-iy 

fcCltSr#l^.ht-§. (12) lc:|Bm03SmS#:^^^eo 

(13) (C|Bmo^^^^®#fg^^«o 

(15) mu^<\=^zy\^m§yz\t.. mm\znn\yx\^^m\z\i^^v hm 
4) \zum.(om^^^^mmm,. 



mUT. #fc^^S2 1 0 nm7&^^ 2 2 0 nm. WV<\t^^2 1 5 nmfC^V^lS 

f3i^m'i^\zm'f-mmm-r^f^\-f(Dm^f3:^m\z^^Xs zLn^xmmx$>'Drc2 
0 0 nmmB.\zmm^^^h^/ismm^^^m'^^^zs^i^mmi^u-if^mm-t- 



6 



wo 2005/049898 PCT/JP2004/017434 



^^tL ^WtE iT-S ^fe CDTS ^ o 

/JN^T, i&ux mmm. -mm^. mUX\ ^^210 nmyj)^^. 2 2 0 nm. 

04; mf-mmmiz^^u-if^mx^^^ hjv^^^m 

me ; m^mmmz^^mymm^^um'e-]^ (yv>i^) m(Dmmnm 

07 ; ^m.K>mi.mtmji^m'^^Bmmt^mm^^~rm 
ms ; fm (8 3K) xcDM'f-mmf^mytx^^hJv^^-rm 

0 9 ; m^mmm(Dmmm'f-mmiimvrcm^mmm\z^v)^fT^mu 

010-1: y<^r^:> ]^m^nmy'n^ ^.i^mms i ^w.±\z. s i o^p 

^^«bfc2pii^i5^^^-r0<. 

010-2; :7:t M/i^Xh/^iS^->&?^^bfeI@^^t-0o 

01 0-3; S i02^x-/5^>ifL. S i 0 2TXi^/1^->:g:?^^T'5X5g^ 

01 0-4; s immizm}d^5,y \^^i/Ki^j^^r^^mt. mr^^os imm 

o®fpi0o 

010-5; X^;/5^>i^$nfeS i ^mSr7^>:;^I/- h ^:UTC VDfefCcfcoT 
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1 mw-u—^ 

3 Mm.mi'm^ 

4. 6 m^mmMu>x 

5 

8 ffiR^^— 

9 /s:^^Bmt:^Om^ff^U 
1 0 mi/— 

1 1 ^yt^ 

12 Si 

13 S i O 2jl 

14 :7:e- hl/i^X h/^iJ' — 

15 Si 02m:ry^>^ 

16 Si (DJLv^y'^ 

1 7 ^-r"V^>HM<i:t!^5-/ F^K^S^-r-^^^H 

18 Ti/AuS® 

1 9 e^n® 

2 0 Au^i^mvmm 

2 1 -^^XU 
2 3 ^^^^ 

24 Ti/AuT/— H^i^ 

2 5 :^-^^m\^-^s^m^m. 
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^m^mm-T^mn^^-r^^mm h b n^^^bJ^, m;^ h b n ^mmmcDTjv 

WM^^bf -SCltfCcfcoT. yfmSQ(OfS.\f^. 2 3 SnmJBi^T. mzWi^2 1 0 
2 20nm. ^b<^1215 nmlz^^^X-^mM.m^U^tft^^'t^h. 

j^^M<i:T^oEi 1 h B u(Dnm^^^t.t^m.mm-ti^^^mf^(Di^^^o 

Bfds/Sb. ^n^mitm^^^nmii\^x^tsKi^>^^xn^^\^fchBm-m. 
m^<Dyfmm<D^m^^n. 3 o o nm]^-r(Dmm.^m.mz^\,^xmm-^'m.M. 

mi^i^mz^-^nx\,^^\,^ib^:b{^mm\z^^mt-^^m^wMii\.. MM^^f^ 

9 



wo 2005/049898 PCT/JP2004/017434 



f-i^S2 1 0 nm;6^^ 2 2 0 nm, #b<«i^ft2 1 5 nm\Z:^\,^X'^MM^^ 

^ti^<DmMm^\t:^<'^xhmM^^w,\zmM't^rz.ii><D—miivxm^T^ 
h(Dx^Ki. ^mmt:i<Dmnmm\z^'oxm.m-^n^h(Dx\ty3i\f\ 

mmmi ; 

M^^xi soot:, ^^^^^^^2 0 0 ox:(DmMm\zj;:^mMmmM^m 
vrcfs:^^gMi[:-^^m'^^^ mmmo. sum) "^Ti^^mh/'^v^A^mhii 
%\z-mB^mp^<D^v :f^>tizf±Mz%mhr^o :iniE><Dmm<DmmMmzu 

jvhmmM&tim^mmiz^^ 2. 57jm.m. i7oot:, (Dmtj. um^^x 
2 ommm^rnvTco ^m.mm.\t5 ox:x^nmx^-orz.o 5 0 ovx'^mmx^ 

m^\z^\^^xyt^mmm,mm. sEMm^> xmmm\z^^n(om^. u^mz 

:fy'j'-]^)v^^y±>7.mmx\,^m2\z^'r^^izmmz:^^^x?i&&2 1 sn 
mi&m\zmii^^(Di^mm(Dmi^mmytf)^. sfe. ^3 \z^-§r^ o izum s 3 kic 

:feViT2 1 0 nm}&^e» 2 3 5 nmfc:feViT^^^j|i^3teX^i' h)V m^±\^^^ 

ytm^M^X\t. ^Sft2 5 0 0 2 0 0 nmjfi#(C;6^ttTl« V^Mi^^tr 

liI3fC^-rct-5f;iia^8Kt3:feViT?^S2 0 8 nmh2 1 3 nm}::^KiR 

(lii'fTfBi^^PPi-ir^f ) y&^my^nfeo 
mmM2 : 

5 0 0*0, ^mmm.^X2 O O 0'C©fi^aj;iJ;:5,ffiSM*MS^M 

it'j^^A^mmiti : ixm^vrcmmtthiz^vy^y'>ti':f±)Viz%mv 
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mmms 

vrz:^:i3^Bm.it^^m'm^i^ (Mmmo. sum) ^:^^^it;vj^At^^^ 
fee ^n^(Dmmo:>mmMzs\zmn(D:fy':^±jv^(D^mu. -r^x^i^^mnm 

BNmnto^mx—unm^-^m^nrco mmmizjzr)mmm^^m^v. m 
n^nrchBNm^s^. ^mmmmmm. semu^, xmmmzj^^m 

^(Dm^. tiv—\^)v^:^'.y±>'xmmz^r)^^2 1 5 nmiz-mmm(Dmyt 

^^xmmi^Tcii^^. m±myt}d~^\m\Z^M2 1 0 nm;&^e, 220 nm, ^ 

rf3iK©hBNM^#:2S^nChBN«&5|5$r*^4«Tl 5 0 Ot:. &mm,t^^X2 0 
0 O-C^^MafdJ^SIBgMm^llia^&Mbfcm. :fJV-}^JV5.^y±>x\z^r)^ 

i:mm2 ; 

mmmiwd,m(Dyu±7.iz^\,^x. mmvrcmm-^^-ummz^r)^ mm^m 

^yfe>XM^{c:.fc'5<h. ^^ft2 1 5 nmcfcO t)> 3 0 0 nm#3£{c:/p— H^S: 
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'z><Dmmm\z-r€'r. ^^m\^:in\z^'Dxm.m^n^%(Dx\tf3i\^^o 
mmm4 ; 

mmm i x%>E>rirz.Wimmfs:^^mt-^^m<D c mcDmm^^mm vx 

•^^^m'i'mMmu>X7^x(Dmmiz^'oxm0^-^nr^m^mwm^mmr^h 
<DT$.D. mi^mcDi. aB^y^ ^^yh^^^mm-^nr^. mi^mms^Mmi^. 

2 OKeV. 8 6 0mA/cm2T®x:^.;V^— 7rtfrlE¥fT¥^m©c®ic:A 
^<^^^> «^l^t'cfcOi5^$n;^Km^e^^^l/— 1f^«t2 1 5nm©^ 

BMx^'^h)ix\ m^i 0 5.^u>nm(D3fn^uun(Dcm^^<D^(Dx^ 
m4iz7js-^ti^^^\z. 2 1 5nm.T&m^^'b'fr^myt\zmi!}nm(Dm^ 

t:if^:^Bmt-^om<ommikm\z^^^mm^^nx\f^^z.t^^'rh(Dx^ ^ . 

u—ifmmmi¥ b t § t § t jO^bj e. $ n^o 
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1 0 nni;6^e> 2 3 5 nm<D^5teA*> HlCOV^T'bS 8 (3DX^i7 
mmm4:X\t. «^fc*-A<DJn5ix:^;l/^-^f!f^^bTinji«JE2 0 keV. 

^z.}i\z^Ki. mmmzm^^m^^n. ^n\z^'Dx^mm<oQm^'m^> u 

'^^mm^^'t(D%(D^. %^^m^'^^<D\zmvrzMmz\^o^z.h^^'m.iy 

v—^m=f'i^^(Dm^^%m'?-h'Lx<DWM^^t^-h(Dx-^^o z.<d^^. mti 
w^B^m:^(Di^^-^.mmz^ ^ttivx. ^n\zm^mikmmm^m.^^t>'^. 

:k\z. :^mM(Df^ 3 mcDmm^mmmisc.xsmmizm'^v^xmmT^o 

T'bcD-ea&D. 2 1 5 nml;i#3fe^^tf-iJ7^W-r^m^^^^^^t-^. «T 
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mi 0-1-01 o-ut. :^mm(Dmmmmm-^^^m^^ytm^f3:\^^v^^m'^ 



2 1 ^ nmT&.m\zw-m^omnm(Dm^m.^%'i)\ ^fe. Ei3(;:^-r<fc5t;iMS 

8 3K}c43ViT2 1 0 nmf}^<o 2 3 5 nmld^SV^T^^^^^X^i^ V)V (M^ 

ymMm^'X\t. ^^2 500 nmiJ^^ 2 0 0 nmffi^fCy&^ttTl^Vi^ja^^ 
EI3(C^-rcfc5tC?a^8K(c:feViTlSS2 0 8 nmi:2 1 3 nm\Z%mSi 

n^nr:im-^^\^cm\zm^mM^^^vx\^^rc(Dxz.(Dmm^^%m\^'xm- 
m!m9\-mwm%mmz^n^^t^mt.vxm.m-r^o 

T'A-rx©f^M:/n-feX^§i^T-f)o c:®yn-ti7.«. El i 0 - 1 55)^e>ll i 0 - 

010-1 fcm^TJ:'5(C>^Un> (10 0) mWLl 2^ffljtb, S^±tC2 0 
0 nm@|g<Z)ff^©S i Oglil 3<&?^fi^-r^o mz^ y VV-J7sV^—mz 
mM\^tz.(D%. 7* M/i^X h/^iS^— >1 4^;:J;0, — a;^>^'7 0 Mm0:^7^:^. 
7 jLtmKPiTJ^fiKb (El 0-2). :7^y'fb7X^7X^M^fflViT?:f#mb}c;^cj;oTVi 
i o^^jif^jLy^yiri 5 s i o^mi S\Z'^7.^/'^i^->^m^Vrc 

(010-3). 0#{C9 O'CfdSnf^bife (CH3) 4NOHI 5%^I^(CJ:0 S i 
(10 0) 2±\Z4:'D(D (111) ®j0^^75:§tHItf^5y K^K^T^C^J^^ 
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mi 0-4)o 

0:^t>^<£^tnbfc:3^'r-V^>F®<&?^figf § (Ell 0-5)o Z.CDh^y-i^r'E 

^f::Mi:7S:^S iS^l 2^HF : HN0 3=1 : 1 O^-^-^^lcJ: D^^/O^b^D 
k°^^y F^<D^-<-\^^:>HS^l 7^?^fiK-r^ (mi 0-6)o :i(D}±^^vY^ 

\zm.^^ mi 0-7 )« 

ttx y^ommmommizmco^-^izs 0 nmmm<Dm^x^ cau) 20$:^^ 

bifeo c:©^^«M2 0{c^M^?!I6Tf^mb;^7^^^^'fb*;':7m»M*. ^<dt 

i /A u ^«M>?>^*^^«® izl^-^r^ Xo\zm.<:iii\z^V). ^-r-V^>Hlf^5 

^ws.E<o^^n'Di^'77smzmxv. mM^^Daib> (^j 

j^til X 1 O-^To r rei^.±©^i5j^^) icTSo 

5s^^5§7fe^s<^)e^sm#Mffi§Miifeb, yy-F5i^ajb^S2 4(ci kv 

Z.(D^tfmm.(D%%7.^^ V )V {2 1 S nmmH^^f.—^ SOOnmlCfe 

^le^j 1 0 : 
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^fe. ^M±®(c5i^fj:^M?5;^ (A 1 . MgFa) ^^«-r^ il D ^ 

m^v^-)3~T}^yirj=3^=^~-^:iL^y^~-f^ii^nmvx^^\^^. 

mf^^mL\^xmmT^zii\zii-ox. n^-y^^ntzM^mtkm. m^n^m 
3^s#6n. mx\-m.^mmm\zmm'T^z.iii)t-T;^:^, 

l^#fp:^i^ 3 : n a t u r e materials, vol. 3, 404-4 
0 9 (2 0 0 4) 



2^^Bjj*> mk(D^mx\m^ms,f)-^^nM&2 3 5 nmi^^^T. m\z2 lot-^ 

n\z]^s^.^n^m:ifmM^^m'^xmz.z.t.\-t.±^i^M.mf)^hK). mM<Dmm\z 
■x\/^\zm^-t^-h<ot.mn-^n^o ^tc. m^m\z^^mmmm^7^tb^=L-x 
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m ift (D m m 

2 . MfaM^^^«^. 2 10 nmiJ^ e 2 2 0 nm. < 2 1 5 nmic 
4. t&f33^^^7^>0^^ ^^S2 1 0 hm*^e> 2 2 0 nm, < 2 1 5 nmfC 

7. ttflBj^^^^*^. Wi&2 1 0 nm>6^^ 2 2 0 nm. ^b<tl2 1 5 nm^ 

1/— tfo 

9 . nMU-t^n^^mmo^^-fyK m.^ 210nm5i^e>220nm, ^b<ti 
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10. ?^S2 3 5 nm&rf(Dmm^mm\zmnmyt\i-i7tim-r^mmi^yt^ 

11. MnEM^nyt-^K i^ft2 1 0 nm5{>^C) 2 2 0 nm. Wb<^i2 15nmtC 



1 2. HtfiBB^gs&®^ife;?>t, m'Tmmm^mz^^mm^mx;^^. m^m 

15. MfH^'f'V^:>HS«jcti, mytmizM\^vx\,^^miz}d^s.y\^mm 
'TmtkmmB^^^^mz0mmmvx\,^^mmiivrci^ii^mmii'r^. it^ 
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F i g. 3 
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Fig. 10-4 
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Fig. 11 
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Fig. 12 
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